The pet trade is a significant source of introductions of non-indigenous aquatic species, such as crayfish. To test whether legislation that regulates the ownership of ornamental animals for aquariums had the desired effect of reducing the availability of those pets, classified advertising websites were monitored for sales of crayfish in jurisdictions with and without legislation regulating the ownership of crayfish. Advertisements from Canadian provinces with legislation against owning crayfish were compared to provinces without such legislation. The population adjusted number of advertisements for crayfish, and number of distinct sellers of crayfish, was significantly lower in one of two provinces that prohibited crayfish compared to provinces that permitted crayfish. This mixed outcome suggests that legislation alone does not consistently reduce online trade in crayfish.
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Crayfish bans Nauplius, 26: 2018023 as an aquarium pet for one million baht (~US$27,000) (Anonymous, 2007a; 2007b; 2007c) . The trade in crayfish for aquarium pets has a disproportionate potential for significant scientific and ecological effects (Faulkes, 2015a) . Crayfish are keystone species that act as ecosystem engineers (Creed, 1994; Momot, 1995; Nyström et al., 1996; Usio et al., 2009; Weinländer and Füreder, 2016) , so the biological and economic effects of introductions of nonindigenous crayfish species to new locations are often substantial. The economic impacts of crayfish introductions have generally been negative (Twardochleb et al., 2013) . Seven crayfish species are listed among the worst one hundred invasive species in Europe (Nentwig et al., 2018) : Procambarus clarkii (Girard, 1852) , Procambarus virginalis Lyko, 2017 or Procambarus fallax (Hagen, 1870) forma virginalis, Pacifastacus leniusculus (Dana, 1852) , Cherax quadricarinatus (von Martens, 1868) , Cherax destructor Clark, 1936 , Faxonius virilis (Hagen, 1870 , and Faxonius limosus Rafinesque, 1817 Figure 1 . Supply chain of ornamental species in the pet trade. Any species sold in the aquarium trade is initially taken from wild populations (Ng and Tan 1997; Raghavan et al., 2013) , although aquaculture can replace collection from the wild as a supply for the pet trade (Ng and Tan 1997; Voigt, 2016) . Most freshwater aquarium fish species are aquacultured (Whittington and Chong, 2007; Maceda-Veiga et al., 2016) , although the proportion for crayfish species that are aquacultured is unknown. Breeders and wholesalers may be one and the same entities. These are unlikely, however, to deal directly with the members of the public who buy and own pets. Retailers are the main source of animals for sale to the public, although owners may share or sell pets directly among themselves (Faulkes, 2015b) . Aquatic pets often die in captivity, but those that do not may be released alive either into sewer systems (Assis et al., 2014; Patoka et al., 2014; Blanchette, 2016) , where probability of survival is low, or into outdoor habitats (Chucholl, 2013; Pârvulescu et al., 2017) , where they may become unwanted introduced species. Even when crayfish die in captivity or soon after release, they can still spread diseases post mortem, such as crayfish plague (Oidtmann et al., 2002) if their bodies contact natural ecosystems. Nauplius, 26: 2018023 (the latter two formerly in the genus Orconectes Cope, 1872). All seven species available as pets in at least two countries (Faulkes, 2015a) , and the four species in the genera Procambarus Ortmann, 1905 and Cherax Erichson, 1846 are sold in at least six countries (Faulkes, 2015a) , and many countries have not been studied. Given this, it is not surprising that the International Association for Astacology recommended countries "stop the importation of living crayfish" (International Association of Astacology, 1988) . Several jurisdictions have tried to prevent the sale and release of crayfish using legislation (DiStefano et al., 2009; Faulkes, 2013; Magalhães and Andrade, 2015) .
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Crayfish bans
There are several potential methods available to prevent unwanted introductions, but two of the major ones are aimed at the owners at the end of the supply chain ( Fig. 1 ), either by education (Baruch-Mordo et al., 2011; Azevedo-Santos et al., 2015; Seekamp et al., 2016) or regulation (Magalhães and Andrade, 2015) . There has been no published research on educational campaigns concerning crayfish in particular regions, although a campaign for aquarium pets in general had minimal effectiveness (Seekamp et al., 2016) . Two previous papers examined the effectiveness of legislation on crayfish sales as bait and pets, and both found little evidence they had the desired effects (DiStefano et al., 2009; Magalhães and Andrade, 2015) . Magalhães and Andrade (2015) examined banning Louisiana red swamp crayfish (P. clarkii) by comparing availability of crayfish before and after legislation was passed in Brazil. There was a statistically significant decrease in the availability of crayfish in pet stores when measured nationally, but Magalhães and Andrade (2015) concluded Brazilian legislation "had not been effective" (Magalhães and Andrade, 2015) . Presumably, Magalhães and Andrade (2015) considered "zero availability of crayfish in pet stores" to be the target for success. But policy outcomes are more nuanced than "success" or "failure. " Ideally, trade would be reduced almost to zero, though there may still be rare cases. But a ban on a presumptive invasive species need not reduce availability to zero to have positive impacts. From a public policy perspective, any reduction of availability in retail pet stores reduces the probability of later release of crayfish, or other undesirable effects ( Fig. 1) . At the other end of the spectrum, regulation might be considered a failure if it had no effect on trade, but this is not the worst possible outcome. Regulation could backfire and increase the illegal trade in species due to perceived rarity (Angulo et al., 2009; Courchamp et al., 2006) .
Whether the Brazilian ban on crayfish was responsible for the reduction in availability (Magalhães and Andrade, 2015) is open to interpretation. A potential confound is that there is no way to identify whether pet availability would have changed in the absence of legislation. The popularity of pet types is often driven by social contagion, i.e., fads and fashion (Herzog et al., 2004; Herzog, 2006; Ghirlanda et al., 2013) . For example, there was a significant increase in interest in keeping invertebrates, such as crayfish, as aquarium pets in the 1990s in Europe (Chucholl, 2013; . By the mid 2000s, over 100 crayfish species were available in the German aquarium trade (Chucholl, 2013) . Interest later declined, as did the number of available crayfish species in the German pet trade (Chucholl and Wendler, 2016) . Similarly, where those pets are sourced from changes (Robinson et al., 2015) .
An alternate approach to "before and after" comparisons is comparing jurisdictions with and without legislation simultaneously. Monitoring the trade in pets in multiple jurisdictions presents a logistical problem since they normally cover large areas, but monitoring online sales provides a feasible way to achieve this. Examining online sales has proven useful in assessing trade in organisms (Kay and Hoyle, 2001; Magalhães and Jacobi, 2010; Magalhães and São-Pedro, 2012; Humair et al., 2015; Mazza et al., 2015) , and the risks posed by pet ownership (Kikillus et al., 2012) . Furthermore, people will sometimes disclose illegal activities in online forums (Magalhães and São-Pedro, 2012; Huffer and Chappell, 2014; El Bizri et al., 2015; Shiffman et al., 2017) . Further advantages include that examining online sales uses publicly available information, so does not require approval for research with human subjects; it requires less effort in collecting data; the data can be quantitative, rather than broad and loosely defined categories of availability such as "very common" or "rare" (e.g. Chucholl, 2013; Chucholl and Wendler, 2016; Kotovska et al., 2016) . This paper compares online sales of crayfish in multiple jurisdictions, with differing legislation regarding crayfish, over two years. Under the hypothesis that Crayfish bans Nauplius, 26: 2018023 legislation prohibiting crayfish is effective, the number of advertisements and sellers is predicted to be smaller in all provinces with legislation compared to those without legislation.
MaTerials and MeThods
The online classified web sites Kijiji (http:// kijiji.com), eBay Classifieds (http://ebayclassifieds. com), and Craigslist (http://craigslist.com) were selected as data sources based on previous research (Faulkes, 2013) . These websites function differently, which was considered in selecting jurisdictions to monitor. Kijiji targets Canadian users, while eBay Classifieds targets American users, and both group advertisements by entire provinces or states in many cases. Craigslist advertisements are grouped by cities, and both Canadian and American cities are included in its listings.
I used Kijiji to study four Canadian provinces. The Canadian provinces of Manitoba and Alberta had laws prohibiting crayfish throughout the study period, from the start of 2016 to the end of 2017 Manitoba Sustainable Development, 2018) . The laws concerning crayfish in both provinces were broadly worded: both prohibited people from possessing crayfish of any species. Thus, there is little room those selling crayfish online to misunderstand the intent of the law, or for accidentally breaking the law (e.g., misidentifying a banned crayfish species as a permitted species).
Ideally, the "control" jurisdictions without laws concerning crayfish should meet three criteria. First, they should be served by the same websites. Second, they should be geographically adjacent. Third, they should have a similar population size. The populations for Canadian provinces were taken from 2016 census data from Statistics Canada (http://www12.statcan. gc.ca/census-recensement/2016/dp-pd/hlt-fst/pdpl/ The Canadian prairie province of Saskatchewan met all three criteria for a control (served by Kijiji; adjacent to both provinces; 2016 population of 1,098,352), and Nova Scotia met two: it was served by Kijiji, and its population was the closest to the other three provinces (2016 population of 923,598). Initially, I also monitored the American states of North Dakota and Montana, with the intention of comparing them to the four Canadian provinces above, because they met two of the three criteria to be a control jurisdiction. The American states are adjacent to the Canadian provinces, and have similar demographics, but were served by eBay Classifieds rather than Kijiji. Because Kijiji is a subsidiary of eBay Classifieds, I initially assumed that these two services would be roughly comparable. This assumption was incorrect (Asuten, 2015) . On 30 September 2016, the eBay Classifieds website shut down, and attempts to navigate to the URL were directed to a new local classifieds website, Close5 (https://www.close5.com). Because eBay Classifieds had posted zero advertisements for crayfish in those nine months, Close5 was not monitored.
On the website Craigslist, advertisements are grouped by city. I monitored Craiglist for advertisements for in each of the four Canadian provinces monitored by Kijiji: Winnipeg, Manitoba; Regina and Saskatoon, Saskatchewan; Halifax, Nova Scotia; Calgary, Edmonton, Fort McMurray, Lethbridge, Medicine Hat, Peace River, and Red Deer, Alberta. I also used Craigslist to monitor Rochester, Minnesota and Green Bay, Wisconsin, both located in states with laws prohibiting crayfish (Wisconsin Natural Resources, 2017; Minnesota Department of Natural Resources, 2018). I selected Fargo, North Dakota, Cedar Rapids, Iowa, and Rockford, Illinois as "control" jurisdictions with no such laws, following the three criteria for "control" listed above. To meet the second criteria of similar population size, the American cities chosen all had populations between 100,000 and 200,000.
From 2 January 2016 to 31 December 2017, the online websites were monitored, initially by visiting and searching each site daily, followed by the creation of automated alerts, using the words "crayfish," "crawfish," and "crawdad." I recorded the date and URL of the advertisement; the description, cost, and number of crayfish; and location of the advertiser. I archived Nauplius, 26: 2018023 advertisements as PDF files and saved each picture in the advertisement that showed any crayfish.
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The number of individual advertisements may not reflect the availability of crayfish, because sellers can relist advertisements for the same animals. Sellers vary substantially in how many advertisements they create (Faulkes, 2015b) . Unlike auction sites studied previously (e.g., Aquabid) (Faulkes, 2015b) , the advertising websites monitored here do not provide user names. To estimate the number of sellers, relisted and duplicate ads were identified examining advertisements for duplicate text, pictures, and geographic locations of advertisers.
Data were not normally distributed, so were analyzed using non-parametric statistics using IBM SSPS Statistics version 25 (IBM, Armonk, NY, USA, 2017).
resulTs
Only the Canadian classifieds website Kijiji provided enough data over the course of the study period to analyze (n = 287 advertisements). Kijiji advertisements largely originated from major cities (Fig. 2) . No advertisements for crayfish were ever posted in eBay Classifieds. No city yielded more than two advertisements on Craigslist over the two years of this study and were not examined further.
Provinces differed significantly in both the number of advertisements per month per million people ( Fig. 3A ; Kruskal-Wallis = 43.58, n = 96, df = 3, p < 0.01). Provinces also differed significantly in the number of unique sellers per month per million people ( Fig. 3B ; (Kruskal-Wallis = 42.81, n = 96, df = 3, p < 0.01). Both the number of advertisements and number of sellers in Manitoba (crayfish prohibited) were significantly lower than the other three provinces. Alberta (crayfish prohibited), Saskatchewan (permitted), and Nova Scotia (permitted) did not differ from each other in number of advertisements or sellers.
Species identifications were rarely provided by sellers (9 of 287 advertisements; 3%). The species that were listed in advertisements were Cambarellus diminutus Hobbs, 1945, Cambarellus patzcuarensis Villalobos, 1943 (orange morph), Cambarellus texanus Albaugh & Black, 1973 , Cherax pulcher Lukhaup, 2015 , C. destructor, C. quadricarinatus, Cherax snowden Lukhaup, Panteleit & Schrimpf, 2015 , Procambarus acutus (Girard, 1852 , and P. clarkii. Some species were almost certainly misidentified, however. Some blue crayfish were listed as "Australian" or identified as belonging to the genus Cherax, but pictures provided in the advertisement sometimes showed features that are characteristic of the North American genus Procambarus (e.g., prominent tubercles on the claws; Fig. 4 ). Judging from common names or descriptions, the blue morph of the Everglades crayfish [Procambarus alleni (Faxon, 1884) ] and the marbled crayfish Marmorkrebs (P. virginalis or P. fallax f. virginalis) appeared to be the most common species in the Canadian provinces studied. Forty percent (115 of 287) of advertisements described the crayfish as "blue," but not "marbled" or "cloning. " Many crayfish species can be blue, but photos provided in advertisements often showed the conspicuous dark spots on either side of the mouth that are characteristic of P. alleni (Hendrix and Loftus, 2000) . Twenty-four percent (69 of 287) of advertisements described the crayfish for sale as "marbled" or "self cloning. " Thus, it is likely that these two species may make up about half of the crayfish available online in these provinces.
The number of crayfish described as being available in a single advertisement ranged from one to "a few hundred. " No information about the number of crayfish available could be determined from the advertisement (including counting crayfish in pictures provided by the seller) in 31% (89 of 287) of the ads. Of the remaining advertisements, most listed small numbers of crayfish, with 63.6% (126 of 198) of advertisement saying 1 to 4 crayfish were available, consistent with advertisements being placed by individual owners rather than business.
disCussion
Legislation prohibiting the ownership of crayfish does not consistently achieve the predicted effect of reducing ownership and availability of crayfish, as measured by online advertisements. One province with legislation prohibiting crayfish (Manitoba) had significantly lower numbers of advertisements and sellers of crayfish online, but another province with similar prohibitions (Alberta) did not. Successful policy change requires public interest (Phillis et al., 2013) , but just putting policy in place does not automatically equal desired outcomes. Successful policy implementation not only requires public agreement with the goals of the policy (Phillis et al., 2013) , but also public education that the policy exists, and visible, consistent enforcement of the policy. In the case of the latter, Canadian federal law prohibits the release of fish (including crayfish) into natural habitats (Government of Canada, 2015) , but there has never been a single conviction under that law (Nova Scotia Fisheries and Aquaculture, 2015) . A similar situation exists in Brazil: the release of pets is illegal (Oliveira et al., 2014) , but there has never been a conviction under that law (Azevedo-Santos et al., 2015) . It seems unlikely that Manitoba invests more resources into education and enforcement regarding laws around crayfish than Alberta, and more probable that the differences in availability are due to other currently unknown factors.
Few crayfish were identified to species in ads, and descriptions listed in the advertisement were sometimes wrong (Fig. 4) . This suggests that "blacklist" or "whitelist" approaches that attempts to legislate the trade of crayfish on a species by species basis (e.g., only Faxonius rusticus (Girard, 1852) is prohibited in Saskatchewan; Government of Saskatchewan, 1994) will be difficult to enforce. Legislation targeting some species but not others is only as good as the ability of stakeholders (e.g., suppliers, owners, or enforcement agents) to identify species. Invertebrates are often misidentified, even by dealers (DiStefano et al., 2009; Baeza and Behringer, 2017) . It seems unlikely that there are enough skilled taxonomists to perform the work that would be needed for quality control in the pet trade (Lee, 2000; Hopkins and Freckleton, 2002) . Species identification using photographs is difficult for experts and non-experts alike (Austen et al., 2016) . Genetic techniques like DNA barcoding could improve identification (Collins et al., 2012) , but species often enter the pet trade before being described scientifically (Daub, 2011; Faulkes, 2015a) . Consequently, DNA barcodes may not be available for many species.
A challenge in this project was finding the relevant legislation. In a previous project, I identified Saskatchewan having legislation prohibiting crayfish 
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Nauplius, 26: 2018023 (Faulkes, 2013) , and found no relevant legislation concerning crayfish in Alberta. In this paper, the legislative status of crayfish in those two provinces is reversed. Most crayfish (except F. rusticus; previously O. rusticus) are permitted in Saskatchewan (Government of Saskatchewan, 1994), but not in Alberta . Saskatchewan made legislative changes regarding crayfish in 2011 (Government of Saskatchewan, 2011), during the data collection period for (Faulkes, 2013) . The Alberta legislation had been missed in prior searches of provincial government websites. If a motivated researcher with expertise in the field has difficulty finding correct and current information about legislation, pet owners, who may be somewhat less motivated and are not experts in environment policy, seem to have little chance to know whether they are breaking any laws by owning crayfish in their aquariums.
This project again shows the importance of initial website selection when monitoring online resources (Faulkes, 2017) . Websites that have nominally similar function -placing local advertisements -yield very different datasets. Here, Kijiji provided a large dataset, while Craigslist provided one so small as to be unusable. Websites further distinguish themselves into smaller marketing niches. Aquabid, used in a previous study (Faulkes, 2015b) , is a dedicated website for aquarium hobbyists, and probably attracts users with different interests and more expertise, than a generic classified advertising site like Kijiji. This may be reflected in differences between Kijiji and Aquabid. For example, this study found that marbled crayfish, P. virginalis or P. fallax forma virginalis, were listed in a smaller proportion of advertisements than previous research (25% on Kijiji compared to 48.5% on Aquabid) (Faulkes, 2015b) . I hypothesize that Kijiji users were more likely to buy their crayfish from retail stores, where "blue" crayfish like P. alleni are readily available, and that Aquabid users were more likely to buy their crayfish from other pet owners, which was the main pathway for the spread of marbled crayfish (Faulkes, 2010) . Kijiji often provided more precise geographic information about the location of sellers, which Aquabid provided more data about the number of crayfish offered, what percentage were bought, and at what price.
Although it has been decades since the Lausanne Resolution called for banning most importation of crayfish (International Association of Astacology, 1988) , it is apparent that most governments have not heeded the recommendation. Legislation varies substantially from jurisdiction to jurisdiction, even geographically adjacent ones (this study). Furthermore, the resolution could not have anticipated the rise of Internet commerce in the 1990s, with the resulting diffusion of trade between many individuals rather than a few identifiable companies. It may be time to revise the sort of policy recommendations embodied by the Lausanne Resolution away from simple prohibition to a multi-pronged approach. Possibilities include encouraging trade of crayfish posing the lowest risk of introductions to "outcompete" higher risk species in popularity; more enforcement; and much more education of owners of responsible ownership and disposal of unwanted or dead aquarium pets.
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